In the present issue, R. Ma et al. report a case of Kümmell disease in a 75-year-old woman who experienced a delayed T12 vertebral collapse, after a ground level fall [1] . Kümmell described, in 1891, a ''postraumatic osteitis'' characterized by a painful kyphosis developing several months or years following an injury, after a symptom-free period [2] . With the discovery of radiographs, it appeared that in Kümmell disease, radiographs taken early after the trauma should be normal, while delayed radiographs show a vertebral collapse. It then appeared in the numerous reports of this entity published in the last two decades that the above sequence of events was often associated with the radiographic appearance of a vertebral ''vacuum phenomenon'' characterized by the presence on radiographs of a gas collection within a benign collapsed vertebra [3] . Because the vacuum phenomenon was attributed to ischemic osteonecrosis [3] , it was, therefore, proposed by most subsequent authors that Kümmell disease was also secondary to an ischemic necrosis of the vertebral body and that the vascular injury was responsible for an impaired bone healing as mentioned by the authors of the Grand Round case published in the present issue.
Arguments that support the ischemic pathogenesis for the Kümmell disease include its association with the vacuum phenomenon, the documentation in one case of Kümmell disease of vascular occlusions by spinal arteriography [4] , and the uncommon association of delayed vertebral collapse with conditions with vascular occlusions and osteonecrosis such as pancreatitis and Gaucher's disease [5] .
Kümmell disease is an uncommon condition, which occurs in adults more than 50 and elderly, mostly women. The thoracolumbar junction, especially the T12 vertebra, is the most common affected vertebral segment [6] . To our knowledge, the disease is not commonly associated with conditions causing ischemic osteonecrosis such as sickle cell disease, alcoholism, longstanding steroid therapy and myeloproliferative disorders. It is not either commonly associated with typical avascular osteonecrosis of the femoral heads. Conversely, it often occurs in patients presenting chronic benign vertebral fractures, as illustrated by the case reported in the present issue by R. Ma et al.
These findings suggest that bone ischemia is probably not the primary event in Kümmell disease and in the vertebral vacuum phenomenon as well. Observations are more consistent with an osteoporotic collapse, secondarily complicated by impaired bone healing and osteonecrosis. Osteonecrosis is a non-specific finding that is found at the margins of all fractures with a variable extent. Osteonecrosis may result not only from ischemia, but also from impaired mechanical conditions. For example, although femoral head osteonecrosis usually results from ischemia and is associated with diseases known to induce or favor the onset of vascular occlusion and bone ischemic injury, the so-called osteonecrosis-like syndrome of the femoral condyle at the knee is not associated with such conditions, but rather with overloading and manifests at MRI at an early stage as a subchondral fracture. Therefore, an osteoporotic fracture complicated by impaired healing and secondary osteonecrosis is a more likely explanation to both the Kümmell disease and the vertebral vacuum phenomenon [7] . In the Grand Rounds case report of Ma et al., the delayed post-traumatic vertebral fracture obviously belongs to a cascade of osteoporotic vertebral collapses [1] . Interestingly, Ma et al. cautiously called their case ''delayed post-traumatic osteonecrosis'' without adopting the term of ''avascular osteonecrosis'' quoted by most authors [1] .
Another challenge raised by the Kümmel disease is the understanding of the sequence of events: trauma/ normal initial radiographs/persistent back pain/delayed vertebral collapse occurring after a time interval of several weeks or months. Osteonecrosis may account for this sequence of events, similarly to what happens in femoral head osteonecrosis: the development of osteonecrosis by itself is asymptomatic and symptoms appear only at the time of delayed bone collapse. However, putting the Kümmell disease in the group of the post-traumatic osteolyses occurring in the elderly, together with the post-traumatic osteolysis of the pubic bone [8] and the recently described osteolytic vertebral collapses simulating a malignancy [9] , better explains the observed sequence of events. A missing link for this hypothesis would be the observation at MRI, in a Kümmell disease at an early stage, of a fracture line without collapse of the vertebral body. Finding of an undisplaced fracture line in a vertebral body adjacent to an acute osteoporotic collapse is not uncommon. Therefore, a pathophysiological hypothesis for the Kümmell disease is the following: after a trauma, an undisplaced fracture line involving a vertebral body (in a patient with a yet unidentified abnormal fracture reparation process) sets a vicious circle with exceeding osteolysis and possible abnormal callus formation or mineralization. Although in a normal fracture reparation process, osteolysis is a very transitory step preliminary to callus formation, post-traumatic osteolyses may be characterized by durable osteolysis and abnormal coupling between osteolysis, and reparation occurring in an osteoporotic or senescent bone.
Finally, there is no mean to predict the end of the destructive process, which characterizes the Kümmell disease. Therefore, the indication of a vertebroplasty should be taken with caution in such cases, since the destructive process may further progress after the vertebroplasty, with a theoretical risk of secondary displacement of the cement.
